Activists opposed to the use of animals in scientific research are increasingly dominating the public discourse and pressuring government officials to severely limit the scope of the work. Polls show that public support for animal research is in decline. Scientists must respond by engaging with the public and policymakers to explain their research and its importance and by addressing moral concerns and objections.
Sound public policy ought to be based on the best knowledge science has to offer. This noble goal is hampered by major gaps between public and scientists' views on a number of important societal issues (http://www.pewinternet. org/interactives/public-scientists-opiniongap/). We live in times when large segments of the public deny that humans have evolved over time, that vaccines offer protection against disease, that climate change is mostly due to human activity, or that the use of animals in research can advance the health and well-being of humans, other animals, society, and the environment.
Such views are not restricted to the general population. Today, policymakers have no qualms about mocking the value of basic scientific research (https:// www.aaas.org/news/basic-research-oftenmocked-targeted-budget-cuts-due-lackpublic-understanding). A member of the House Committee on Space, Science, and Technology, Rep. Paul Broun, readily announces that ''all that stuff I was taught about evolution and embryology and the Big Bang Theory, all that is lies straight from the pit of Hell'' (http://articles.latimes.com/2012/oct/07/ nation/la-na-nn-paul-broun-evolution-hell-20121007). The latest primary season offered several political candidates who spoke against childhood vaccinations or declared global warming to be a hoax. Pseudo-scientific views increasingly permeate society, including universities, where we now encourage magical thinking by offering patients therapies, such as Reiki, which purportedly work through ''vibrational energy . facilitated by light touch, on or slightly off the body, that balances the human biofield'' (http://rehab.ucla.edu/body.cfm? id=49).
It is against this backdrop of ebullient anti-science that activists opposed to the use of animals in research are increasingly challenging the validity of the science and the ethics of animal research. Opinion polls on the public perception of the use of animals in scientific research suggest that they are making inroads. A Pew Research study from 2015 shows that the general public is now closely divided on this issue: 47% support animal research while 50% oppose it (http://www.pewinternet.org/2015/07/ 01/chapter-7-opinion-about-the-use-ofanimals-in-research/). An identical poll in 2009 revealed 52% in support and 43% in opposition. Thus, support appears to be in decline. In sharp contrast, the scientific consensus is overwhelming and steady-about 90% of scientists support the use of animals in medical research.
Remedies that can help alleviate the situation have been offered many times before but have fallen largely on deaf ears. Cornelia Dean, a science writer for the New York Times, rightly complains that ''we need to adopt a broader view of what it means for researchers to fulfill their obligations to society. It is not enough for them to make findings and report them in the scholarly literature. As citizens in a democracy, they must engage, and not just when their funding is at stake'' (Dean, 2009) . John Porter, a former Republican congressman, begged an audience at the American Association for the Advancement of Science (AAAS) meeting that ''. if the public and policymakers never hear your voices, never see science, never understand its methods, the chance of it being high on the list of national priorities will be very low . You can sit on your fingers or you can go outside your comfort zone and get into the game and make a difference for science . Science needs you. Your country needs you. America needs you fighting for science!'' Along similar lines, Alan Alda, an actor who also works to improve scientific communication, lamented during one of his talks at UCLA that ''life runs on science, but neither the public nor policymakers know that. Why?''
These science commentators are all politely trying to make one central point: the failure of the scientific community to engage in public life is largely to blame for the situation. The good news is that the solution to the problem may rest within our own community. Indeed, when it comes to the debate on animal research, there are some hopeful signs that we have reached a point where an increasing number of scientists are deciding to get out of the laboratory and contribute to the job of educating the public about science, connecting with our representatives, and responding forcefully when the work is mischaracterized, lies propagated, and the character of our scientists smeared.
In what follows, we highlight some advances in this direction and propose a number of additional opportunities (summarized in Box 1) where neuroscientists at all levels, from students to principal investigators, can engage in this effort.
Explaining the Role of Animals in Neuroscience Research
Explaining the role of animal research in neuroscience may not be as difficult as it may appear. In fact, there is great public interest in science and its discoveries. That interest is on display in movies, on the news, in social media, and in great public curiosity about the brain, about other animals' cognition and emotions, and about health problems that plague society and ways to address them.
It is also the case that most scientists enjoy talking about their work. Telling our students and others about the scientific discoveries from their research is among the ''day jobs'' of scientists. Good scientists regularly share their work, their findings, and their excitement about why their ideas and the new knowledge they have produced are important. They communicate about research as a matter of course, of training, and of expectation. Published papers, presentations at conferences, departmental seminars, informal discussions with peers and students, funding proposals, teaching, blogging, and speaking to the media-a wide range of communication venuesare full of examples of scientists sharing news about their research. Many scientists are committed to education, and they have both the motivation and skill set to successfully engage in dialog with the public at large and the media.
When it comes to animal research, however, there is another layer of information that is critically important to discuss but is not commonly brought to the public. This information includes explaining how animals are cared for in research, the role of the attending veterinarian, how a multi-leveled ethical review system aims to ensure that scientific objectives are balanced with consideration of animal well-being, and why potential alternatives would not provide the same kind of information. While such basic concepts may be obvious to scientists, it is a mistake to assume that they are obvious to others or are unimportant.
To appreciate this point, it suffices to ask whether a typical public communication reporting on a scientific finding mentions the basic science behind the work, whether it depicts animals in laboratories (instead of merely pipettes and beakers), or whether it explains why studies of nonhuman animals were necessary and without alternatives. Consider the opportunities missed in stories reported on the development of neural prostheses. Here, we often fail to convey the rich body of basic research conducted in non-human primates that was required for these advances, such as the feasibility of operant conditioning in single cells in motor cortex (Fetz, 1969) , studies of the coding of movement by neuronal populations (Georgopoulos et al., 1986) , and the emphasis that the initial goal of these studies was to acquire basic knowledge about brain function without a clear medical application in sight.
When fundamental points about the need, role, ethical consideration, and care for research animals are neglected in presentation and public communication about scientific discoveries, the context for those discoveries is difficult for others to understand. In absence of understanding, there can be little hope of appreciation for the role of animal studies or basic research in our quest to advance human health.
Whose job is it to provide this broader context and basic information? Scientists themselves, many of them educators, are well positioned to act deliberately and thoughtfully in their public communications in order to ensure that the points highlighted above are given an integral place and priority. Scientists should not leave it to chance that professional communicators, press officers, and journalists will view a story with an eye toward including the basic points that make the case for animal studies. It is scientists who can best draw from their knowledge and expertise to share with the public the reasons that animal studies are, and have always been, critically important to discoveries in neuroscience. In doing so, they will meet other critical objectives that must be addressed in order to turn the tide of public understanding and public opinion.
Refuting Scientific Misconceptions and Misrepresentations
Aside from making an effort to highlight the role of animals in research, there is a need to refute various scientific misconceptions that are commonly expressed by opponents of the work.
One commonly expressed view is that animal research cannot, even in principle, be used to improve human health. Such complaints are usually accompanied by catchy slogans, such as ''if society funds mouse models of cancer, we will find more cures for cancer in mice,'' a statement that falls on its face given that recent breakthroughs to treat breast cancer, such as Herceptin, consists of a humanized mouse antibody.
Belief in such ideas has driven online petitions that gathered tens of thousands of signatures and demanded investigators to ''justify your science'' (https:// www.change.org/p/animal-experimentersjustify-your-science-claims). The petition is based on the notion that the physiology of animals and humans are too different to allow results from animal research to be extrapolated to humans. Of course, basic knowledge of medical history facts Box 1. Future Directions/Recommendations d Scientists must engage with the public and policymakers to explain their research and its importance and to address moral concerns and objections. d In communicating new findings, we must explain how animals are used, the care they receive, and the ethical considerations embedded in the regulations and the approval process. d In describing new medical breakthroughs, we must explain the basic research that made it possible and provide an idea of the timescales involved in bringing new knowledge into the clinic. d Scientists must organize to provide timely, accurate scientific information when opponents of research misrepresent the science or the nature of animal research. d Scientists must become familiar with the moral arguments against the work and engage in philosophical debate. refutes such claim. Unfortunately, it is too often that animal rights activists insist on rewriting history (Morrison, 2002) . Thus, it is important for members of the scientific community to communicate the history behind their fields and explain how the use of animals in research has contributed to it. Linking the dots for the public, and explaining how new developments are based on the basic knowledge that we gathered over decades, typically through the use of animals in research, is critical to convey the nature of biomedical research.
A second infuriating claim made by opponents of animal research is that modern methods exist that can replace the use of animals in research. Of course, it is rather insulting because it implies that scientists know of alternatives but nevertheless prefer to use animals to support their careers and the so-called ''vivisection industrial complex'' (Almiron and Khazaal, 2015) .
As a concrete example, consider the recent letter signed by Jane Goodall and David Attenborough that called for an end to the use of primates in neuroscience research (http://www.independent.co. uk/voices/letters/testing-on-non-humanprimates-in-neuroscience-research-is-nolonger-justifiable-a7230071.html). They state that ''there has now been sufficient progress in human-based alternatives to call into serious question whether further research of this type is necessary.'' In support of their position, they cite an article published by members of Cruelty Free International (CFI), formerly known as the British Union for the Abolition of Vivisection, and the same organization that put together the letter. In this article, it is argued that methods like fMRI, EEG, MEG, ECoG, DBS, and electrophysiological recordings in epileptic human patients are sufficient to serve as replacement to any invasive research done with non-human primates.
A response by researchers was almost immediate-they responded: ''We are disappointed to see that David Attenborough and a number of scientists have been misled by the pseudoscience in the paper by CFI, an organization intent on ending research with all animals, not just primates'' (http:// www.independent.co.uk/news/uk/homenews/david-attenborough-call-to-endanimal-testing-experiments-on-monkeysprimates-apes-animal-cruelty-a7235771. html). They added, ''They have been deceived by the number of animals used in neuroscience procedures, which are a very small proportion of the numbers stated by CFI, and also by the erroneous claim that NHP neuroscience is useless and that recording from seriously ill patients they are being monitored for surgery is somehow a replacement for research in non-human animals.'' A separate response, signed by Nobel laureates and other scientists, offered the view that:
If we are to effectively combat the scourge of neurodegenerative and other crippling diseases, we will require the careful and considered use of nonhuman primates. Stringent regulations across the developed world exist to ensure that primates are only used where there is no other available model-be that the use of a mouse or a non-animal alternative-and to protect the well-being of those animals still required. The use of primates is not undertaken lightly. However, while not all primate research results in a new treatment, it nonetheless plays a role in developing both the basic and applied knowledge that is crucial for medical advances (https://www. theguardian.com/science/2016/sep/ 13/primate-research-is-crucial-ifwe-are-to-find-cures-for-diseaseslike-parkinsons).
Such strong reaction of the scientific community to misrepresentations of opponents of research should serve as a model. The response came quickly and directly from prominent scientists and in numbers that reflected a clear scientific consensus. Moreover, it appears to have been effective. Scientific organizations can serve to facilitate such responses and provide the media expertise required to offer an effective response. Posting such responses in public view also provides an ongoing resource for those with questions and for those responding to such questions.
Ethical Objections and Concerns
The phrase ''animal rights'' can have a number of different meanings. The weakest interpretation is that non-human animals do not exist solely for human use but deserve our moral consideration. It would be, of course, very difficult to find scientists that would disagree with such statement. In fact, the strict regulations and guidelines that govern the work, including the principles established by the three Rs (replacement, reduction, and refinement), amply demonstrate that animals used in research are not considered ''another piece of laboratory equipment'' as often claimed by opponents.
A stronger view of animal rights, encapsulated in the ''equal consideration principle,'' is that we must give equal moral weight to the ''comparable interests'' of all living beings independent of species membership. Thus, the ''comparable pain'' experienced by a mouse and a human child should receive exactly the same moral consideration. It is precisely under the equal consideration principle that Peter Singer declares that, if we consider it morally permissible to study monkeys in order to develop deep brain stimulation (DBS) as a treatment for Parkinson's disease in humans, then it should also be equally permissible to develop DBS using disabled human beings having cognitive capabilities comparable to monkeys.
Finally, the strongest version of ''animal rights'' claims that all living beings have a basic right to life and liberty that should not be infringed, even if their use can provide tremendous benefits to society. This is sometimes summarized by animal rights activists with the slogan ''a rat is a pig is a dog is a boy.'' It is under such a strong view of animal rights that some animal rights activists see no moral difference between chickens caged in a farm and Jews in concentration camps. It is under such theory, as well, that they argue that if violence was justified in freeing Jews from concentration camps, so it must be justified in freeing chickens from a farm or animals from medical laboratories-a logical conclusion if one accepts the moral equivalence of the two situations.
We think that scientists should become familiar with the philosophical objections, participate in the philosophical debates, and guard against being quickly dismissive of such views. While some animal rights extremists prefer to defend these views by the use of Molotov cocktails, moral philosophers (whom we count as our own colleagues) are ready to defend their views by debating them in the academic arena. We should engage them. A number of introductory texts that explain the different positions are available and easily accessible (Taylor, 2009; DeGrazia, 2012) . In our experience, being knowledgeable about these philosophical views is important when engaging in public debates about animal research (Ringach, 2011) . We expect the opposition to be knowledgeable and factual about the science and its benefits. Similarly, scientists have an intellectual obligation to understand and address the ethical arguments brought up against the work.
Members of the public can also have legitimate concerns about the welfare of animals, which is aggravated when opponents of animal research portray scientists as showing disregard for animals' well-being. Over the years, such propaganda has perpetuated the notion that scientists and the animal research community are opposed to any advancements that can improve the welfare of animals in laboratories. Scientists are increasingly perceived as being incapable of giving full consideration of the moral dilemmas posed by animal research. Instead, the public seems to believe that it is the bioethicists, philosophers, and animal activists who are the true experts on animal welfare.
The narrow conceptualization of ethical consideration, one that essentially assumes a two-party system in which science is pitted against animal welfare, is the foundation for a wide range of misconceptions about the process for decisions about animal research. For example, some critics claim that there is a complete absence of ethical deliberation or concern for animal welfare within the scientific community. Others claim that the current system for review is faulty because it does not require animal rights campaigners, philosophers, and bioethicists in equal weight on committees, such as the Institutional Animal Care and Use Committee (IACUC), or grant review panels.
Unaddressed, such views are harmful for a number of reasons. Perhaps foremost, they deny the reality that ethical evaluation is inherent and central in the current process for conducting scientific research with nonhuman animals. Thus, a critical objective for the scientific community is to provide a clear, unambiguous view of the many ways in which ethical consideration is given to inform serious, thoughtful decisions about animal studies. In fact, ethical consideration occurs throughout the process; it is in our choice of research projects, the review of research proposals and protocols, the standards for animal care and treatment, and its oversight and regulation.
The polarized view also denies the reality that scientists themselves contribute the knowledge and expertise that informs our understanding of animal welfare and that is the basis of evidence-based practices and policies to improve animal welfare.
Removing Obstacles to Engagement
Many scientists already have the skill sets to advance these objectives and to participate more fully in public communication. Yet there are factors that limit their enthusiasm or their ability to take on a greater role. Among those are time and energy. Public outreach and engagement must compete with a host of demands for scientists' time-conducting science, writing papers, teaching and mentoring students, funding the science, writing grant proposals, and doing administrative work. Among the ways to address this obstacle is for scientists themselves to realize that public engagement can be accomplished with a range of efforts and time commitment that are small (i.e., less time than a game of golf). Others involve change in the professional expectations for the scientific community. Years ago, the National Science Foundation (NSF) put into place an explicit requirement for ''Broader Impacts'' activities within NSF grant proposals. By doing so, NSF signaled not only that it expected and supported public engagement, but also that such work is of central value. Similarly, public outreach and education activities are viewed not as ''extracurricular'' but as core and expected responsibilities of scientists within some universities and institutes. Such changes in metrics for funding, promotion, tenure, and other review deliver an unambiguous message: public communication and public education are valued by the scientific community, by the institutions in which they work, by funding agencies, and by society.
However, it is not only scientists who must receive the message and support for public engagement and transparency. Universities, institutes, companies, and charities can also play a far greater role in public education and dialog than they do currently. In fact, we would argue, all the institutions that engage in animal research have a moral obligation to do so. Public transparency about their research programs includes not only promoting the discoveries, but also making clear statements and engaged educational efforts to share how the work is conducted, how the animals are cared for, what the process of review and oversight is, and why the institution and its leadership believe it is ethical, humane, and important to the public that supports and receives the benefits of the research.
Role of Institutions and International Research Initiatives
Every scientist should expect that their institutions, administrations, funders, and scientific organizations engage publicly and transparently in providing responsive information to inform the public, journalists, and policy makers about animal research. Ongoing and new initiatives and programs should proactively, and as a matter of course, contain specific plans and support for effective, sustained, and inclusive public education and engagement about animal research. Major international funding programs, such as the US BRAIN, the European Union's Human Brain Project, and parallel programs in China and Japan, could all play a critical role in this effort. Such initiatives are positioned to be effective leaders in highlighting to the public, media, policy makers, and the broad scientific community that there is a critical connection of neuroscience research programs to foundational, current, and future studies that depend on nonhuman animal studies. Furthermore, these international efforts and the scientists working within them are also well aware of how rises and declines in public support for animal research shape not only what kind of research can be done, but also where that work will occur.
We must be mindful that in today's global world the consequences of public support and decisions in one country or region of the world often reaches to others. Rises and declines in primate research, for example, in Asia, Europe, and the US-while stemming from a range of factors-provide examples of both interdependency and cause for reflection. The future of global neuroscience research will undoubtedly be affected by continuing changes in public perception of animal research. Highly organized and well-funded groups opposing animal research are acutely aware of the international interdependency. They use events in one country or region in order to influence public views in another.
Chimpanzee research provides the most recent example, where bans in Europe were prominently featured in campaigns to ban the same in the US (Bennett and Panicker, 2016) . The campaigns failed to note that European scientists were conducting chimpanzee research in the US or that European countries had previously banned the work with full confidence that US centers would continue to provide viable avenues for continuing research. When limits on research are imposed in one country, opponents of the work readily declare it proof that the research was not scientifically necessary to begin with. Such a message is then used to mount campaigns in other countries. Instead, it would be helpful to develop mechanisms that will achieve some consensus on questions of scientific necessity. Individual countries may then decide to engage or not in specific lines of work due to a myriad of other factors. At the same time, the process of consideration could provide the broad public and others with a more integrative view of the consequences of such decisions. For example, the scientific community could estimate the impact of decisions on training future scientists, on a nation's ability to conduct research, and on their dependence on science conducted in other nations or world regions. In turn, the scientific community would provide critical public service given that understanding the broader and farranging consequences of decisions that affect science at local and global levels is a key basis for informing decision making that protects the public's interests.
The Real Risk
To succeed, efforts to encourage greater public transparency and engagement from scientists, organizations, and institutions must also effectively address another common obstacle. That obstacle is the general perception of risk. Perceived risks run the gamut: the risk of drawing negative attention, the risk of becoming targets of high-profile and time-consuming campaigns by animal rights groups, the risk of violence and harassment directed against individuals, and the risk of losing the support of donors, funders, and other community partners. Those risks are real. They are also risks that can be addressed and minimized through proactive work and timely responses that directly counter campaigns of misinformation with fact. It is critical to also realize that the individual risks are inversely proportional to the number of people engaging in defense of science. Thus, in many ways, a choice to not engage while others are doing so also has the consequence of increasing risk for others.
A more principled reason to face these risks is that they are nothing compared to the long-term harms that successful opposition to the work can do to public interests, human and animal health, and the environment. The likely outcomes of sustained campaigns against research must also be weighed as a central consideration. Those outcomes are not simply an end to animal research. The outcomes also include those we already have encountered: truncating avenues for research, shifting studies to animal models that are not as effective for particular questions (such as mice or fish rather than monkeys), declines in the number of future scientists, and increases in regulatory burden without compensatory increases in animal welfare. All of these outcomes have impact far beyond the scientific community. The impact extends to the public, to patients, and to future generations.
Scientists, organizations, institutions, families, and patient groups interested in committing themselves to building better public understanding and dialog about animal research can find many existing resources to support their efforts.
We encourage our colleagues to engage more in public life. After all, it is truly our duty as scientists and responsible citizens to do so. 
